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ABSTRACT 

Using Chandra data taken on 2008 June, we detected pulsations at 2.59439(4) s in the soft 
gamma-ray repeater SGR 1627^1 . This is the second measurement of the source spin period 
and allows us to derive for the first time a long-term spin-down rate of (1.9 ± 0.4) x 10~^^ s 
s^^. From this value we infer for SGR 1627^1 a characteristic age of ^2.2 kyr, a spin-down 
luminosity of '^4 x 10'^'* erg s^^ (one of the highest among sources of the same class), and a 
surface dipole magnetic field strength of ^2 x 10^'* G. These properties confirm the magnetar 
nature of SGR 1627^1; however, they should be considered with caution since they were 
derived on the basis of a period derivative measurement made using two epochs only and 
magnetar spin-down rates are generally highly variable. The pulse profile, double-peaked and 
with a pulsed fraction of (13 ± 2)% in the 2-10 keV range, closely resembles that observed 
by XMM-Newton in 2008 September Having for the first time a timing model for this SGR, 
we also searched for a pulsed signal in archival radio data collected with the Parkes radio 
telescope nine months after the previous X-ray outburst. No evidence for radio pulsations was 
found, down to a luminosity level 10-20 times fainter (for a 10% duty cycle and a distance 
of 1 1 kpc) than the peak luminosity shown by the known radio magnetars. 
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1 INTRODUCTION 

Anomalous X-ray pulsars (AXPs) and soft gamma-ray repeaters 
(SGRs) are isolated neutron stars with periods of several seconds 
{P ~ 2-12 s), rapid spin down (P ~ 10"" s s~^), bright 
(~10^''-10^'^ erg s"^) and highly variable X-ray emissionQ AXPs 
and SGRs are commonly interpreted in terms of the magnetar 
model. Magnetars are ultra-magnetized neutron stars with mag- 



* E-mail: paoloesp@iasf-milano.inaf.it 

^ Ten AXPs and six SGRs are confirmed, and there are a few candidates; 
see catalog at http://www.physics.mcgill.ca/~pulsar/magnetar/main.html. 



netic fields largely in excess of the quantum critical field -Bqed = 

■^^^j— ~ 4.4x10^^ G jP aczvnski' 1 19921 : iDuncan & Thompsonl 
1992;l Thompson & Duncan 1995, 199q). Contrary to what happens 
in ordinary radio pulsars, the X-ray luminosity is larger than their 
rotational energy loss. Since no stellar companions have been de- 
tected thus far, also accretion is unlikely to be responsible for the 
emission of AXPs and SGRs. Their persistent X-ray luminosity, as 
well as the bursts and flares typical of these sources, are instead 
believed t o be powered by the decay of th eir ultra-strong m agnetic 
field (see IWoods & ThompsorJbOOd and lMereghet"till2008l for re- 
cent reviews). 

AXPs were first recognised as a class of persistent X-ray 
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pulsars, with the peculiarity that the X-ray luminosity exceeds 
that available from spin- down (whence the name "anomalous"; 
iMereghetti & S tella" 1995*). SGRs were first noticed as hard-X/7- 
ray transients (Laros et al. 1987), characterized by recurrent, short 
(< 1 s) and relatively soft (peak photon energy ~25-30 keV) flashes 
with super-Eddington luminosity. Although SGRs and AXPs have 
been discovered through very different channels, observations per- 
formed over the last few years highlighted several similarities 
among these two classes of objects and po inted towards a common 
magnetar nature (see e.g. iRea et alj|200^ . In particular, short and 
hard X-ray bursts, originally considered as the defining character- 
istic of SGRs, have now been observed in several AX Ps (see e.g. 
iGavriil, Kaspi. & Woodsll2002l ; iMereghetti et"ai]|2009l) . 

SGR 1621-41 was discovered in 1998, when about one hun- 
dred bursts in six weeks were observ ed by CGRO/BATSE and 
other instruments (Woods et al.l 1 19991) . Its soft X-ray counter- 
part was identified with BeppoSAX in 1998 at a luminosity level 
of ~10 erg s"^ dWoods etalJll999h FI Subsequent observations 
carried out with BeppoSAX, ASCA, Chandra, and XMM-Newton 
showed a spectral softening and a monoto nic decrease in the lumi- 
nosity, down to a level of ~10^^ erg s~^ |Kouveliotou et alj|2003l : 
[Mereghetti et al. 2006; E sposito et alj20oi) ^ 

After nearly ten years of quiescence, SGR 1&11-41 re- 
activated on 2008 May 14, when several bu rsts were detected b y 
SwiftfBKT and other hard X-ray instruments jEsposito et alj2008h . 
The burst re-activation was associated with a large enhancement of 
the soft X-ray flux and a marked spectral hardening. 

Until very recently, SGR 1627-41 was the only magnetar can- 
didate with no pulsation period known. In order to search in depth 
for pulsations taking advantage of the high flux state, we asked 
for a long XMM-Newton observation to be carried out during its 
outburst. The observation was performed on 2008 September 27- 
28 and we could det ect a clear pulsation period of 2.594 578(6) s 
dEsposito et al.ll2009l) . However, no meaningful constraints on the 
period derivative could be derived from that observation. 

Here we report on a new measurement of the period using data 
gathered shortly after the burst activation by the Chandra X-ray Ob- 
servatory. This allows us to estimate for the first time the spin-down 
rate of SGR 1627^1 and to infer its magnetic field, characteris- 
tic age, and spin-down luminosity. Taking advantage of the new 
pieces of information about the timing properties of SGR 1627-41, 
we also searched for a pulsed signal in archival radio data collected 
at the Parkes observatory. 



2 THE CHANDRA OBSERVATION: DATA ANALYSIS 
AND RESULTS 

The Chandra X-ray Observatory jWeisskopf et alj|2000l) pointed 
its mirror towards SGR 1627^1 on 2008 June 3 (MJD 54620) and 
observed the source for about 40 ks (observation identifier: 9126). 
The observation was carried ou t with the Advanced CCD Imaging 
Spectrometer (ACIS; lOarmire et al. 2003) instrument operated in 
the Continuous Clocking (CC) mode, which provides a time reso- 
lution of 2.85 ms and imaging along a single direction. The event 
telemetry was in Faint mode. The source was positioned in the 
back-illuminated ACIS-S3 chip, sensitive to photons in the 0.2-10 
keV energy range. 



The data were processed using the Chandra Interactive Anal- 
ysis of Observation software (CIAO, version 4.1) and we employed 
the most updated calibration files available at the time the reduction 
was performed (CALDB 4.1). Standard screening criteria were ap- 
plied in the extraction of scientific products^ No significant back- 
ground flares affected the observation. 

The source photons for the timing and spectral analyses were 
accumulated from a 5 x 5 pixels region centred on SGR 1627^1 
(one ACIS-S pixel corresponds to 0'.'492); the background events 
were extracted from source-free regions of the same chip as the 
source. A total of about 1120 ± 40 counts above the background 
were collected from SGR 1611-41 in the 2-10 keV energy range. 

2.1 Spectroscopy 

The ancillary response file and the redistribution matrix for the 
spectral fitting were generated with the CIAO tasks ASPHIST, 
MKARF, and MKACISRMF, using the specific bad-pixel file of this 
observation. The data were grouped with a minimum of 20 counts 
per energy bin and the spec trum was anal ysed with the XSPEC ver- 
sion 12.4 analysis package ( lAmaud|[l99^ . 

Given the paucity of counts, we fit a simple model to the data: 
a power law corrected for interstellar absorption. We obtained the 
following best-fit parameters (x? = 1.13 for 51 degrees of free- 
dom): absorption A^h ~ 10^2 10^^ cm~'^ and photon index 
r = l.G^^'2 (here and in the following all errors are at la con- 
fidence level). The absorbed 2-10 keV flux was ~1.3 x 10~^^ 
erg cm~^ s~^, corresponding to a luminosity of ~3 x 10^"^ erg s~'^. 
These results are consistent with those reported in IWoods et al.l 
(^008) 

and confirm the bright and hard state of the source foll owing 
the 2008 May 28 burst activation jEsposito et alj2008ll2009l) . 

2.2 Timing 

For the timing analysis, the photon arrival times were converted 
to the Solar System barycentre with t he CIAO task AXBAR Y us- 
ing the source coordinates reported in IWachter et al. 1 1 I2OO4I) . We 
searched for the pre sence of a periodic signal using a Z2 test (see 
lEspositoetal]|2009l) over the period range 2.584 71-2.594 60 s; 
this range was determine d by extrapolating fro m the 3(j lower limit 
on the value reported in lEsposito et al.l ( |2009|) , conservatively as- 
suming a period derivative of ^ P ^ 10~® s s'^. The period 
search step size was ~8 x 10"'' s, which is equivalent to oversam- 
pling the Fourier period resolution (|P^/robs) by a factor of 10. 

A significant signal was found in the Z|-periodogram at 
~2.594 39 s (see Figure[TJ. The probability of this peak (with a Z| 
value of 39.66) to appear by chance in the search, taking into ac- 
count the number of trials (1 177), is 6 x 10"^. This corresponds to a 
4-sigma detection. To refine our period estimate, we used an epoch 
folding technique and fitted the peak in the versus trial period 
distribution as described in Leahv (1987). We obtained a best pe- 
riod of 2.594 39 ± 0.000 04 s. The corresponding folded lightcurve 
is shown in Figure [TJ the pulse profile is double-peaked and the 
root mean square pulsed fraction is (13 ± 2)% in the 2-10 keV en- 
ergy range and after subtracting the background. The period deriva- 
tive inferred from the Chandra and XMM-Newton measurements is 
(1.9±0.4) X 10"^^ s s~^. Assuming that the spin-down rate has re- 
mained constant at this value, we repeated the search for pulsations 



Here and through t he paper we assume a distance to the source of 1 1 kpc 
(d = 11.0 ± 0.3 kpc: ICorbelet all 19991) . 



See the Chandra Science Threads at the Chandra X-ray Center web site, 
http://asc.harvard.edu/ciao/threads/index.html. 
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Figure 1. Zj-periodogram of SGR 1627^1 in the 2-10 keV energy range. 
The peak at 2.594 39 s is significant at 4cr. The inset shows the correspond- 
ing pulse profile (2-10 keV, not background-subtracted). 
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in archival X-ray data described in lEsposito et alj ^20091) . Again, 
we did not detect any significant signal. 

To search for possible pulse shape variations as a function of 
time, we compared the Chandra lightcurve with that obtained in 
2008 September with XM M-Newton by using a two-dimensional 
Kolmogorov-Smimov test ( |Peacock|[l983l :lF asano & Franceschinil 
Il987h . Taking into account the unknown relative phase aligne- 
mentQ the two profiles are compatibile. In fact, the probability that 
they come from the same underlying distribution is about 70%. 



Figure 2. P-P diagram for the known magnetars; vertical bars indicate 
variability ranges. Lines of constant magnetic field strength (green) and 
characteristic age (red) are indicated. The 'transient' magnetars, the ones 
that show the largest variations of the persistent X-ray flux (u p to two or 
three o rders of magnitude), are plotted in blue. Data are from iMereghettil 
i2O08h and our analyses. 



3 SEARCH FOR RADIO PULSATIONS 

The P-P diagram for magnetars (Figure |2]l shows that the tim- 
ing properties of SGR 1627-41 are remarkably similar to those of 
the anomalous X-ray pulsar IE 1547.0-5408. Th e latter source, to- 
gether with XTE J1810-197 (Camilo et al.l2006h , is one of the two 
magnetars known to sporadical ly emit radio pulses jCamilo et al.l 
l2007l |2008| ; [Surgav et alj|2009l) . Although SGR 1627^1 was not 
detec ted as a radio pulsar immed iately after the 2008 May activa- 
tion jCamilo & Sarkissian ^'2008). we searched for radio emission 
in archival data taking advantage of the new pieces of information 
about its timing properties. 

We analysed archival radio observations performed at 1 .4 GHz 
with the Parkes radio telescope. The data were taken on 1999 
March 22 with the central beam of the 20-cm multibeam receiver 
dStavelev-Smith et alJ[T996) over a bandwidth of 288 MHz split in 
96 3-MHz channels. The 2.3 hours observation was 1-bit sampled 
every 1 ms. 

We folded the data with 6250 values of the period spanning 
±5 ms (corresponding to a ~ 4(7 uncertainty on the value of P) 
around the nominal value Ppks = 2.5889(12) s extrapolated from 
the current best X-ray ephemeris at MJD 5 1259, which corresponds 
to the epoch of the Parkes observation. Given the positi on in the 
sky of SGR 1627^1, assuming a distance of 1 1 kpc dCorbel et al.l 



^ The accuracy of the timing solution does not allow us to phase-connect 
the XMM-Newton and Chandra data. 



1 19991) and a model for the distribution of free electrons in the in- 
terstellar medium jCordes & Lazioll2002l) , the expected dispersion 
measure is DM ~ 1150 pc cm~^. Given the uncertainties in the 
DM determination, we chose to de-disperse the signal with 390 
DM values ranging from to 2300 pc cm~^. The expected broad- 
ening of the pulse due to interstellar scattering at SGR 1627^1 
positi on, according to the Cordes & Lazio model jCordes & Lazid 
|2002|) . is ~50 ms at 1.4 GHz; the uncertainties of the interstellar 
medium model in this respect are, however, even larger than those 
related to the DM. The number of period and DM steps was hence 
chosen in such a way to produce a maximum total smearing in the 
folded profile of < 10 ms, also compatible with the number of bins 
Tibin = 256 in which the folded profile was subdivided. No signal 
with signal-to-noise ratio greater t han 6 was found in this search. 
Using the radiometer equation (e.g. lManchester et al.l200lb we find 
an upper limit for radio pulsed emission of 0.22 mjy for an approx- 
imately sinusoidal pulse profile, and of 0.08 mJy for a duty cycle 
of 10%. 

Since the two known radio-pulsati ng magnetars are som etimes 
visible through their individual pulses jCamilo et alj|2007l) . also a 
search for single dispersed pulses has been carried out, leading to 
the detection of a faint (signal-to-noise ratio: 6.2) candidate signal 
at DM ~ 93 pc cm~^. The DM of the putative pulse (to be con- 
firmed with further observations) is however likely too small to be 
associated with SGR 1627-41. A blind search for periodic signals 
at DM = 93 pc cm~^ resulted in no significant detection down to a 
flux density limit of ~0.01 mJy for a long period pulsar and ~0.2 
mJy for a millisecond pulsar. 
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4 DISCUSSION AND CONCLUSIONS 

With a rotation period of 2.59 s dEsposito et alj|2009l) . SGR 1627- 
41 is the secon d fastest spinning m agnetar, after IE 1547.0-5408 
(P = 2.07 s: ICamiloetal]|2007l) . Using an archival Chandra 
observation, we have been able to obtain a second period mea- 
surement. The Chandra and XMM-Newton datasets, separated by 
about 114 days, imply a long-term average spin-down rate P — 
(1.9 ± 0.4) X 10~^^ s s^^. This value is compatible with the range 
1.2 X 10"" s s"^ < P < 6 X 10"^" s s"^ derived from the long 
XMM-Newton observation. 

Within the usual vacuum dipole framework (see e.g. 
iLorimer & Krameil2004h . the spin-down rate can be used to infer a 
surface magnetic field strength of B ^ 3.2 x 10^^ (PP)^''^ ~ 
2 X lO^'' G, confirming the magnetar nature of SGR 1627- 
41. The characteristic age and the spin-down luminosity are 
Tc = \P/P ~ 2.2 kyr and E = 4-k^IPP'^ ~ 4 x 10^* erg s-\ 
respectively, where / ~ 10*^ g cm^ is the moment of inertia of the 
neutron star. 

Our newly determined values of P and P for SGR 1627-41 
are reported in Figure [2] together with all the values available up to 
now for magnetar sources. As can be seen in Figure |2l where the 
vertical bars indicate variability ranges, magnetar spin-down rates 
can be highly variable. For this reason the magnetic fields, char- 
acteristic ages, and spind-down luminosities inferred for magnetars 
should be taken with particular caution. In particular, this applies to 
SGR 1627-41, for which we have no information of possible vari- 
ability of the period derivative. It is interesting to note that SGRs 
and AXPs do not populate different regions of the P-P plane, so 
that it would be difficult to discriminate between the two groups on 
the basis of their timing properties. This further supports the idea 
that SGRs and AXPs are actually members of the same class. What 
Figure [2] suggests, instead, is that transient and persistent sources 
might have different characteristics. The transient magnetars (in 
blue in Figure[2ll, in fact, appear to have lower magnetic fields with 
respect to the persistent ones (irrespectively of their classification, 
AXPs or SGRs). In this respect the position of SGR 1627-41 in the 
P-P diagram is similar to that of other transient magnetar sources. 
The only exceptions are 4U 0142-1-614 and IE 2259-1-586 which are 
not transient but have among the lowest derived values of B. 

The neutron-star characteristic age is consistent with an as- 
sociation of SG R 1627^1 with the supernova remnant (SNR) 
G337.0-0.1 (see lEsposito etalj|2009l and references therein). At a 
distance of 1 1 kpc l lCorbeletalJll999h , the observed SNR angular 
diameter of ~3 arcmin would correspond to a physical diameter 
of ~9-10 pc. This is similar to the observed sizes for other young 
remnants (^1-3 kyr, at the beginning of the Sedov phase) hosting 
a neutron star, like for example K es 73 jGotthelf & Vasishlll I997I) 
and RCW 103 jCarter et aljl997h . 

The spin-down luminosity of SGR 1627-41 is one of the high- 
est among magnetars and is roughly equal to the Chandra luminos- 
ity of 3 x 10^* erg s"^ (i) l2.1t . In magn etars E ranges, in fact , 
from 6 X 10^^ erg s"^ for IE 2259- 1-586 jGavriil & Kaspill2002h 
to lO^'^ erg s"^ for IE 1547.0-5408 l lCamilo et alj|2007b . The ob- 
served correlation between the spin-down p ower and the nonther- 
mal X-ray emission for ordinary pulsars by P ossenti et alj ( |2002|) 
predicts for SGR 1627^1 an X-ray luminosity of salO''^ erg s~^ 
and a maximum value Lx crit = 10~^*'^|t — ^ erg s"^ 

' \ [erg s / ^ 

~ 5 X 10^^ erg s"\ This makes it implausible that SGR 1627-41 
is powered by star rotati on unless the conver sion efficiency is ex- 
tremely high. Moreover, ICamilo et alj ilOOH) noted in the case of 
IE 1547.0-5408 that, despite the fact that the spin-down luminosity 



is comparable with the X-ray luminosity, it is unlikely that a signif- 
icant fraction of the X-ray emission is powered by rotation, since 
the source displays the distinctive features of the pulsars powered 
by magnetic field decay. In fact, at variance with rotation-powered 
pulsar^ and cooling neutron stars, the source showed flux vari- 
ations by orders of magnitude. Furthermore, the X-ray spectrum 
of IE 1547.0-5408 includes a thermal component which is hotter 
(kT ~ 0.4 keV) than that exp ected from a young, cooling neu- 
tron star (see for example Yakovlev et al.l2002) . Such high temper- 
atures are instead typical of magnetars, the surface of which can 
be substantially heated by energy deposition following burst-active 
periods and/or by dissipativ e currents in the crust. The considera- 
tions bv lCamiIo etal.1 j2007 ) apply also to SGR 1627-41, with its 
X-ray luminosity variable by a factor of '--^ 100 (between the histor- 
ical min imum and maximum , ~2 x 10'^^ erg s"^ and ~3 x 10'^^ 
erg s~^: lEsDosito et alj|200 ^: also, the only high-statistics spec- 
trum of SGR 1627^1, collected hy XMM-Newton in 2008 Septem- 
ber, when the luminosity was still high (^lO^** erg s~^), suggests 
the presence of a thermal component, a blackbody with temperature 
kT ~ 0.5 keV dEsposito etal]|2009h . Finally, we also note that it 
is unlikely that the low luminosity observed in SGR 1627^1 while 
it was approaching its historical minimum during its decade-long 
quiescence arose mainly from rotational power . The X-ray emis- 
sion was in fact very soft an d possibly thermal dKouveliotou et al.] 
l2003l : lMereghetti et alj20o3) . 

The mechanisms behind the pulsed radio emission of mag- 
netars are poorly understood. It is not ruled out that their radio 
emission is related to the braking in a way similar to that of the 
ordinary radio pulsars, but the radio properties of the two mag- 
netars detected so far in radio, XTEJ1810-197 and IE 1547.0- 
5408, are quite distinguishing: their flux is highly variable on daily 
timescales, their spectrum is very flat, and thei r average pulse pro- 
file changes with time, from m inutes to days jCamilo et alj|200^ 
l200ll2008ljKramer et al.l2007l) . Remarkably, XTE J1810-197 and 
IE 1547.0-5408 share small periods and high spin-down luminosi- 
ties. Thus, in view of the similarities with the two radio-pulsating 
magnetars, SGR 1627-41 is a good candidate to be searched for 
pulses at radio frequencies. 

Our analysis of archival Parkes data obtained at 1.4 GHz in 
1999 March (about 9 months after the first detected X-ray outburst 
of SGR 1627^1) showed no pulsed signal in a ±4(j interval brack- 
eting the expected period, down to a flux density limit of 5* ~ 0.08 
mjy for a pulsar with a 10% duty cycle (twice a s better a limit 
than what obtained by ICamilo & Sarkissiaril ( |2008|) with observa- 
tions following the 2008 outburst). For a distance of d = 11 kpc 
dCorbel et alj|l999t) , this limit translates into a pseudo-luminosity 
L = Sd^ of approximately 10 miy kpc'^, significantly smaller 
than the 1 .4 GHz luminosity of the two known radio magnetars at 
their peak (~ 100-200 mJy kpc^), although still much larger than 
the smallest known luminosity of ordinary young (with spin-down 
age Tc < 10^ yr) pulsars (~1 mJy kpc'^). Given the remarkable 
and rapid variability of the pulsed flux shown by the two afore- 
mentioned known radio magnetars, the negat ive results of the two 
searches performed so far on SGR 1627-41 jCamilo & SarkissianI 

With the notable exception of the young pulsar PSR J1846-0258 at the 
centre of the s upernova remnant K es 75, which showed large flux and spec- 
tral variations iGavriil et alj2008l) . This source, however, shares some (but 
not all) characteristics of magnetars, including a (relatively) high dipole 
magnetic field of 5 X 10^^ G and the emission of SGR-like short bursts 
I Gavriil et al. 2008,) . and it is therefore unclear whether it is purely rotation- 
powered. 
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I2OO8I and this work) cannot anyway be conclusive and a longer term 
monitoring is necessary for satisfactorily assessing the radio prop- 
erties of this source. 
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